D
EGEXEKATIVE vascular disease is a well-known complication of diabetes mellitus and many diabetics die from the resultant damage to the cardiovascular system. Xonfatal illnesses secondary to diabetes mellitus, such as gangrene of the legs, blindness, cerebral vascular accidents and senile mental deterioration, impose a vast morbidity on the diabetic. These, too, are largely accountable to degenerative vascular disease. 1 " 5 There are some indications that the incidence of vascular complications in diabetes mellitus has not decreased in spite of the great improvement in the control of the disease. 4 -° This may be the result of the increased longevity of the diabetic patient. 3 -5> G Animal experiments have given indications that insulin might have some aggravating influence on the development of atheromatous lesions. 7 " 10 It is then possible that the long-term usage of insulin in diabetic patients may play a role in the development of the atherosclerosis in these patients. 8 The present study was undertaken in an attempt to find out if daily intra-arterial administration of insulin has any effect on the lipid content of the arterial wall in the diabetic animal. The experiments to be reported in- The results reported are a part of the thesis submitted by Anatolio B. Cruz, Jr., in partial fulfillment of the requirements for the Master's Degree in Surgery.
Received for publication July 7, 1960. dicate a significant increase in the fatty acids and cholesterol content of the arteries and muscles of one hind leg of the dog in which insulin was given intra-arterially as compared with the opposite leg injected intra-arterially with normal saline.
Methods A group of 3 normal dogs and 19 alloxan-diabetic dogs was used in this study. The diabetes was induced by a single intravenous injection of alloxan (55 mg./Kg.). The blood glucose was determined hourly for the first 9 hours after the injection and then daily for the next 3 days. After permanent fasting hyperglyeemia had been established, daily intra-arterial injections of crystalline zinc insulin (Iletin, Lilly) were given into the right femoral artery at a point proximal to the center of the femoral triangle. The injections were made under the usual aseptic precautions with a 25-gage needle. Production of hematomas was avoided by applying pressure after the injection. The diabetic dogs received from 1 to 3 units of insulin per Kg., depending on their fasting blood sugar level. The normal dogs received 1 unit of insulin per Kg.
The same portion of the right femoral artery was used for injection throughout the experiment to confine the trauma to a minimal segment of the artei-y. An equal volume of sterile normal saline solution was injected daily into the left femoral artery. Daily intra-arterial injections of regular insulin and normal saline solution were given for 1 to 28 weeks to the diabetic dogs and for 33 weeks to the normal dogs.
A constant diet consisting of a mixture of a low-fat commercial dog food (Kibbies) with lard and horsemeat was fed throughout the experiment. The diabetic dogs were sacrificed and autopsied at intervals from 1 to 2S weeks and samples of artery and muscle tissues were taken from both hind legs at constant specified levels. These tissue samples were analyzed for cholesterol and total fatty acid content. Microscopic studies* of the tissues were carried out using hematoxylin-eosin stains and special sudan stains for fats. Throughout the study, weekly determinations were done of fasting blood glucose, 11 serum cholesterol 12 and serum esterified fatty acid 13 levels. The following methods were used in the estimation of tissue cholesterol and total fatty acid content. Samples of tissue weighing 50 to ]50 mg. were placed in containers and dried to constant weight in vacuo at 70 C. and 40 mm. of Hg pressure. Thirty per cent potassium hydroxide (0.2 ml.) was added to each sample and heated in a water bath at 90 C. until all the tissue was in solution. Then 5 ml. of water and 5 ml. of 95 per cent ethyl alcohol were added, mixed, and the solution extracted twice with 10-ml. portions of petroleum ether. After the evaporation of the petroleum ether extract, 5 ml. of ethyl alcoholacetone (1:1) was added to dissolve the residue and the cholesterol was precipitated with digitonin. The cholesterol was then determined by the method of Abell et al. 12 The aqueous phase of the above sample was acidified with 1.0 ml. of 25 per cent hydrochloric acid and extracted with 10 nil. of petroleum ether. Aliquots of the petroleum ether phase were pipetted into weighed beakers and the solvent evaporated. The dried beakers were weighed to constant weight to determine gravimetrieallv the total tissue fattv acids. 
Results
The injection of alloxan produced a sustained hyperglyeeniia. Fasting hyperglycemia was observed in all the dogs 36 hours after the alloxan injection. There were differences among individual animals in the severity of the diabetes mellitus which persisted throughout the period of study. Along with the sustained hyperglycemia there was an increase of the total serum cholesterol and of the total esterified fatty acids. Table 1 gives the serum values before and after intravenous injection of alloxan for 8 of the dogs. No correlation between the fasting blood-sugar level and the serum-cholesterol level was found in the alloxan-diabetic dogs.
After the intra-arterial insulin, no hypoglycemic manifestations were observed at any time. In 2 dogs, a slight decrease of the venous blood sugar level was found 1 hour after the injection (16 and 25 mg./lOO ml., respectively).
The chemical analysis of the arteries and muscles showed an increase of cholesterol and total fatty acids in both tissues of the insuliniujected side as compared with the salineinjected side. The data are summarized in right legs, as compared with 401 ± 37.3 nig. for the saline-injected arteries of the left legs. This difference of arterial tissue cholesterol between the 2 leg arteries was significant (P < 0.012; see table 2 ). The mean artery tissue total fatty acid of the right leg in the 19 dogs receiving daily intra-arterial insulin was found to be 9.88 ± 1.40 Gm. per cent as compared to 2.26 ± 0.33 Gm./lOO in the daily intra-arterial saline-injected legs of the left side. The difference of total fatty acid content of arterial tissues was found to be significant (P < 0.0001). The differences in lipid content were noticeable in all the animals injected 4 weeks or more, but no relationship was observed between the magnitude of the difference and the total duration of the treatment. Similar analyses were done on the muscles of the legs of the alloxan-diabetes-mellitus dogs. The mean muscle cholesterol of 19 dogs on the daily intra-arterial-insulin-injected right leg was found to be 370 ± 35.4 mg. per cent. The difference of muscle cholesterol between the 2 legs was not significant (P > 0.4). However, the mean muscle fatty acid content of the daily intra-arterial-insulin-injected right leg was found to be 13.14 ± 1.21 Gm. percent compared to the intra-arterial-saline-injeeted left leg of 6.34±0.82 Gm. per cent. The difference of muscle fatty acid content between the right (insulin) and the left Circulation Research, Volume IX, January 1961 (saline) leg was found to be significant (P < 0.0001).
In the 3 normal dogs the differences of cholesterol and of fatty acids content between the right and left artery were smaller than those observed in the diabetic animals and did not reach statistical significance (P = 0.33 for cholesterol; P = 0.08 for fatty acids). No differences were noted in the muscle.
Microscopic studies of the arteries and muscles were done on both legs. After daily intra-arterial insulin administration, the right legs showed proliferative changes and thickening of the media of the arterial wall; this was also noted in the arterioles of the right leg. These changes were found only in the dogs that received daily intra-arterial insulin for 26 to 28 weeks. The left leg given intra-arterial saline showed no microscopic changes. Special fat stains of the above tissue were unrevealing. Discussion There are many studies which indicate that insulin influences the metabolism of fat. It has been found that one of the main defects in diabetic rats is the inability of the animal to synthetize fat. 14 Similarly, in vitro studies have shown that liver slices from alloxandiabetic rats have greatly diminished ability to synthetize long chain fatty acids from C 14 -labeled glucose. 15 -10 In normal man, it was recently demonstrated that intra-arterial administration of insulin caused a significant decrease of the arterial concentration and the arteriovenous difference of the nonesterified fatty acids. 17 This result is interpreted as indication of a local effect of the insulin on the tissues of the injected leg, causing a decrease in the release of nonesterified fatty acids to the venous blood.
In the present study, intra-arterial injection of insulin was found to increase the lipid content of the artery and muscle in alloxandiabetic dogs. This result is compatible with the idea that the insulin has a local effect on the tissues of the arterial wall and the muscle of the injected leg. Combination of insulin with the tissue as a first step of insulin action has been demonstrated by Stadie and coworkers 18 
"
20 for muscle, tissue of the mammary gland and adipose tissue. The increased lipid content of the arterial wall observed in the present experiments can be explained then as the consequence of a stimulation of the deposition or of the synthesis (or both) of lipids produced by the insulin combined with the arterial tissue.
Our normal dogs seem to respond to the intra-arterial injection of insulin with differences of lipid content between the injected and the noninjected side which are smaller than those observed in the diabetic animals. The number of dogs in the control group is too small to warrant definite conclusions, but the result indicates a quantitative difference between the diabetic and the normal dogs with respect to the response of the arterial tissue to the intra-arterial injection of insulin. This difference may be related to the higher concentration of glucose and lipids in the blood of the diabetic animal.
It is interesting to note that both the artery and the muscle of the diabetic animals have a higher cholesterol content than those of the normal animals.
An exaggeration of the arteriosclerotie process in diabetic animals treated with insulin has been observed in animal studies. The feeding of high-cholesterol diets to alloxan-diabetic rabbits causes only a slight degree of atherosclerosis. However, when insulin is given to control the diabetes and while the animals are on the high-cholesterol diet, marked atherosclerosis develops in all the animals. 10 Studies of a similar nature were done with depancreatized chicken which developed atherosclerosis on a high-cholesterol diet.The atherosclerotic lesions regressed when the animals were transferred to a nonatherogenic diet, but the regression was prevented when insulin was given in addition. 7 The histological studies have shown intimal and medial proliferation at different levels of the insulin-injected artery. No such changes were observed in the artery injected with saline. "Whether insulin administration is a significant factor in the development of vascular degeneration in humans suffering from diabetes mellitus and treated with insulin is, of course, not settled bj r this study. Our results, however, clearly indicate that insulin injected into the artery of diabetic dogs increases the content of fatty acids and of cholesterol in the arterial wall.
Summary
Insulin and saline were injected into the right and left femoral arteries respectively of 19 alloxan-diabetes-mellitus dogs for 1 to 28 weeks. A significant increase of artery tissue cholesterol and total fatty acids was found on comparing the insulin-administered right leg with the saline-administered left leg. Similarly, a significant increase of total fatty acids in muscle was found on comparing the right with the left leg of the alloxan-diabetesmellitus dogs. Xo significant differences were observed in the normal animals when the insulin-injected side was compared with the noninjected.
